INTRODUCTION
Rice is an important staple food for more than half of the world population and provides ~19% of dietary energy globally [1] . Worldwide ~190Mha of area is dedicated to rice cultivation [2] and the demand for rice is expected to increase globally by 35% by 2030 [3] .There is a need to increase the global agricultural productivity by 60-110% to provide food security by 2050 [1, 4] . Various socio-economic constraints restrict the chances to expand area under rice cultivation. Hence to meet the increasing demand, per unit area rice production should be raised.
India is one among the top three rice growing nations but its yield growth rate per year is only 1.0% which is too low to ensure global food security by 2050 [1] . India cultivates about 44.4Mha of rice under four major agro-ecosystems, viz. irrigated (~22Mha), rainfed lowland (~14.4Mha), flood prone (~2.04Mha) and rainfed upland (~6 Mha) ecosystems. Indian rice ecosystems represent 49.5% of irrigated areas, 32.4% of rainfed lowlands, 4.6% of floodprone areas and 13.5% of rainfed uplands cultivated to rice in the entire world [5] . No country other then India in the world has such diversity in rice ecosystems.
Assam, a state of far eastern part of India, a region inhabited by large number of ethnic groups and variation in their preferences to food and food habit is responsible for the evolution of a large number of indigenous rice cultivars in the region. Rice paddy contributes towards the emission of two most important GHGs responsible for global warming: Methane (CH 4 ) and Nitrous Oxide (N 2 O). Rice fields are reported to contribute about 30% and 11% of CH 4 and N 2 O emission respectively to the atmosphere [6] . Atmospheric N 2 O concentration has increased by 18% compared to the preindustrial level, with a linear increasing rate of 0.26% per year during the recent few decades [7] . There are several reports on contribution of rice paddy on significant quantity of emission of CH 4 and N 2 O from North East region of India [8, 9, 10] . These two gases have a long atmospheric lifetime of 12 and 114 years respectively and accounts for 20% and 7% respectively to the global radiative forcing [7] . High GWP of 34 (CH 4 ) and 298 (N 2 O) times that of CO 2 at a 100-yr time horizon makes them a major contributor to climate change [11] . There is an urgent need to opt for solutions to meet the projected demand of rice yield while lowering greenhouse gas (CH 4 and N 2 O) emission for a sustainable environment.
Mitigation of GHG emission plays a significant role in addressing climate change. Although many studies have been done for characterization of GHG emission from agricultural soils but mitigation needs more attention from country like India where agriculture is the dominant sector. Among the major cereals in the world, rice has a higher GWP of 3. ing the GWP of rice eco-systems [12] . Investigation on individual contributions of CH 4 and N 2 O to the atmosphere from an agricultural crop may give an understanding on control of global warming impact of a crop ecosystem [13] . It has been reported in many studies that plant factors regulates the GHG emission potential of a crop [14, 15, 10] , therefore their might be differences in GWP and GHGI of different rice cultivars grown under the same ecosystem.The present investigation is an attempt to identify low GHG emitting rice variety with better yield scale. In this study eight pre-monsoon rice varieties (Dikhow, Disang, Jaya, Kolong, Kopilee, Lachit, Swabhagi and Abhishek) were investigated with the following objectives: (a) to estimate the CH 4 and N 2 O flux, GWP, GHGI and CEE of the rice varieties, (b) to study the plant parameters (viz. photosynthetic efficiency, transpiration rate and grain productivity) of the varieties and work out a relationship of GHG emission with plant parameters. Further we tried to identify a suitable rice variety with lower GHG emission potential (CH 4 and N 2 O) along with higher grain yield.
MATERIAL AND METHODS:

Site description and field management:
A field experiment was conducted in the experimental farm of Tezpur University (26˚41´ N latitude and 92˚499´ E longitude) which is located in the North Bank Plain Agro-climatic Zone of Assam, India. The experiment was carried out for two consecutive rice growing seasons (April-September) of 2016 and 2017. The region is subtropical humid and is characterized by moderately hot wet summers and dry winters. Maximum and minimum average daily The experimental field was ploughed, puddled thoroughly to 15-cm depth, levelled and flooded 2-3 days before transplanting. The experiments were conducted in a randomized block design (RBD) with eight (8) varieties each replicated three (3) times (total plots 8 × 3 =24) in prepared plots (plot size, 3m × 2m) for two consecutive years (2016, 2017 Figure 1 ). The variety Dikhow, Disang, Kolong, Kopilee, Swabhagi and Abhishek were harvested at 90-100 days after transplanting (DAT), Jaya and, Lachit were harvested at 105-115 DAT, depending on their physiological maturity. Agronomic practices in the field were followed as per the recommended practice for cultivation of rice.
Gas sampling and measurements:
CH 4 and N 2 O flux from all the eight rice varieties were measured at 7-days intervals from the day of transplanting (0 DAT) until 2 weeks after harvest of the crop using the static chamber technique and gas chromatography methods [16, 17] . The chambers of 50cm length, 30cm width and 90cm to 120cm height (depending upon the plant height) made of 6 mm thick acrylic transparent sheets were used for gas sampling. In each sampling plot, U-shaped aluminum channels (50 cm×30 cm) were inserted into the soil to a depth of 10 cm to accommodate the chambers. During gas sampling, the aluminum channel was filled with water, which acted as air seal when the chamber was placed on the channel. A battery operated fan was fixed inside the chamber to homogenize the inside air. A thermometer was also inserted in the chamber through a self-sealing rubber septum to monitor the inside temperature. A 50 ml syringe fitted with a three-way stopcock was used to draw gas samples from the chamber at an interval of 15 minutes (0, 15, 30, and 45 minutes). Gas samples were collected on every sampling day between 09:00
Vol-3 Issue-2
SIFT DESK
hour to 11:00 hour [18] . The samples were brought to the laboratory immediately after sampling and analyzed for CH 4 and N 2 O concentrations using gas chromatograph (GC) (Varian 3800, USA). GC response was calibrated periodically using certified CH 4 and N 2 O standard obtained from National Physical Laboratory, New Delhi, India. There are recent reports on suitability of closed chamber technique for screening large number of rice genotypes for GHG emission measurement [19] .
Concentration of CH 4 was determined by flame ionization detector (FID) and a chromopack capillary column (stainless steel column, 180 cm long and 3.2 mm outside diameter). Column, injector and detector temperature were maintained at 50, 90, and 150 °C, respectively. Methane flux was calculated from the temporal increase in the concentration of CH 4 inside the box by the equation of Parashar et al., 1996 [20] . N 2 O fluxes were calculated from the linear increase in N 2 O inside the chamber during the gas sampling period [18] with an electron capture detector (ECD) and a stainless steel chromopack capillary column (50cm long, 0.53mm outside diameter, 1μm inside diameter).The temperature of the column, injector and detector were 80, 200, and 300 ˚C, respectively. The carrier gas was pure N 2 (99.999%) with a flow rate of 15 ml min -1 .
Seasonal emission of CH 4 and N 2 O for the entire crop growth period was computed by following the formula of Ma et al., 2009 [21] :
Where F i indicates mean gas emission (CH 4 or N 2 O) in the i th sampling interval, D i indicates the number of days and n is the total number of the measurements made during the experiment and expressed as kg ha −1 .
Estimation of global warming potential, green house gas intensity and carbon equivalent emission:
To estimate the GWP, CO 2 is typically taken as the reference gas and an increase or decrease in emission of CH 4 and N 2 O is converted into CO 2 -equivalents by means of their GWPs. In this study, we used the IPCC 2013 [11] factors to calculate the combined GWPs for 100 years from the CH 4 CEE (kg C ha
Plant parameters analysis:
Gas exchange parameters viz., flag leaf photosynthesis and rate of transpiration were measured at panicle initiation and 50% flowering stage with an infrared gas analyzer (LI-6400, portable photosynthesis system, LI-COR, Lincoln, NE, USA). Four plants from each experimental unit were randomly selected for the measurement. The results presented are the mean of 12 readings from four experimental units (4×3 = 12) of each variety.
Soil sample collection and analysis:
Prior to rice cultivation soil samples were collected randomly from different locations of the experimental field from a depth of 0-15 cm for the basic physic chemical properties by following the methods of Page et al., 1982 [25] .
Estimation of grain yield and yield attributing parameters:
Grain yield was recorded by harvesting the rice from 01 square meter (m 2 ) area from each experimental unit. The grains were separated from the straw, dried and weighed. Number of fertile tillers per sq m, number of grains per panicle, filled grains percentage and thousand grain weight were counted manually [9] . 
---------------------------------------------------
RESULTS
Methane emission:
The emission of CH 4 during early crop growth varied significantly at different growth stages after transplanting. Figure 2 - ------------------------------------------------- -------------------------------------------------- Note: Values (mean ± standard error) followed by same letters are not significantly different from each other in the same column at p< 0.05, according to Duncan's multiple range test. LSD: Least significant differences, V: varieties, Y: year.
- ------------------------------------------------- 
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Yield and yield related parameters:
Yield and yield attributing parameters like panicle m -2 , grains per panicle, filled grain (%) and 1000-grain weight of rice varieties showed notable differences ( Table 2 ). The grain yield of the rice varieties in the ecosystem ranges from 2133 to 4255 kg ha -1 and 2032 to 4295 kg ha -1 during 2016 and 2017 respectively. More number of fertile tillers per unit area, grains per panicle and thousand grain weight resulted in higher economic yield in the variety Jaya followed by Swabhagi > Lachit > Kolong > Abhishek > Disang > Dikhow > Kopilee over 2 years. Grain productivity showed a good correlation with rate of photosynthesis (r = 0.371) and GHGI (r = -0.833) at (p < 0.01).
Global Warming Potential,Carbon Equivalent Emission and Greenhouse Gas Intensity:
Statistical differences were observed among the varieties for GHG emission, GWP, GHGI and CEE (Table 1) . GHG emission revealed a good correlation with GWP and CEE (p < 0.01) ( Table 4) . A good correlation of GWP with GHGI (r = 0.486) and transpiration rate (r = 0.820) at p < 0.01 was recorded. The GWP among the varieties over 2 years of experimentation was in the order of Swabhagi > Disang > Jaya > Kopilee > Dikhow > Kolong > Lachit > Abhishek. However, the GHGI shows a different trend due to difference in yield potential among the rice varieties and was in the order of Kopilee > Disang > Dikhow > Kolong > Swabhagi > Jaya > Abhishek > Lachit during both the seasons. -------------------------------------------------- 
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Plant parameters
There was a significant difference in flag leaf photosynthesis rate among the varieties (p < 0.05). (Table 3 ). The transpiration rate exhibited a strong correlation with CH 4 (r = 0.907), N 2 O (r = 0.796) and CEE (r = 0.820) at p < 0.01 (Table 4) .
DISCUSSION
Trend of GHG emission:
The variation in GHG emissions observed among the varieties suggests that the rate of emission and transport of greenhouse gas (CH 4 and N 2 O) is influenced by the plant factors. Low emission of CH 4 and N 2 O at early growth stage, might be due to limited substrate availability for both CH 4 and N 2 O producing bacteria and also small quantity of biomass of the crop. The first prominent peak of CH 4 and N 2 O was observed at tillering stage of each variety. Increased growth rate and development of the rice plants manifested as an increase in the canopy size and expansion of leaf blade surface area resulted in better conductance of GHG from soil to the atmosphere [26, 27] . The applied fertilizer in the form of urea hydrolyses in the soil to NH 4 + and NO 3-ions and are the substrate for N 2 O production [28] . Higher rate of CH 4 production is attributed by the availability of organic substrates in the form of plant derived C through processes like root exudation and release of sloughed off root cap cells and intensive reduced condition in the rice rhizosphere [29] . A gradual drop in emission after the maximum tillering stage might Note: **. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).
SIFT DESK
be the result of the vegetative lag phase of the growth period [30, 31] . The application of the second dose of nitrogenous fertilizer at panicle initiation stage contributes to the high emission peaks at this stage. This increased emission rate is also facilitated by the increase in leaf surface area due to appearance of flag leaves. At flowering stage a minor N 2 O peak was observed due to higher rate of metabolic assimilation of the plants which might have influenced the microbial activity [32] . During the later stage of the crop growth the emission rate of CH 4 and N 2 O declined due to senescence of older leaves and non availability of substrate as the crop approached maturity and our results are in good agreement with some recent findings [27, 33] .
Various factors such as supply of organic matter, size of the root space, availability of fertilizers, oxidation rate in the rhizosphere are reported to affect the GHG emission rates during tillering and panicle initiation stage [10, [33] [34] [35] . There are several reports on the variations in CH 4 and N 2 O emission from rice paddies during the growing period [10, 18, 19, 31] which are in good agreement with the findings of present investigation. Our results of high peaks for CH 4 and N 2 O at tillering and panicle initiation stage are well corroborated with some recent findings [10, 18, 36, 37, 31] .
Difference in GWP, CEE and GHGI:
The results of the present study shows that transportation and emission of both CH 4 and N 2 O to the atmosphere is influenced by the plant parameters. These results are well corroborated with the findings reported by Baruah et al., 2010 [8] and Shang et al., 2011 [38] . Plant and soil factors influence the seasonal CH 4 and N 2 O emission from the rice paddies and their loading to the atmosphere, expressed as aggregate CO 2 -eqivalent GWP. The highest GWP is recorded from the field planted with variety Swabhagi and Disang, whereas variety Abhishek and Lachit recorded the lowest GWP. In the present study, GWP have a strong correlation with CEE which is in concordance with the findings of Bhatia et al., 2010 [24] , Baruah et al., 2016a [34] and Bordoloi et al., 2018 [18] . Varietal difference in yield scale GWP i.e GHGI, is mainly contributed by the emission differences of the varieties [31, 39] which might be the reason for highest GHGI recorded by the variety Kopilee and lowest by Lachit and Abhishek. In the present study, we have identified variety Abhishek and Lachit as most suitable rice variety with least GWP and CEE as they contribute less GHG (both CH 4 and N 2 O) to the atmosphere.
These two varieties also have better yielding ability in terms of economic yield ( Table 2 ).
Plant factors influencing GHG emission:
Increased transpiration rate facilitate GHG transport to the atmosphere because in rice plants GHG is transported along with the transpiration stream through xylem and release through the open stomata [18, 31] . This might be the probable reason for the observed correlation of transpiration rate with GHG emission and GWP (p < 0.01) and our results are well supported by some recent findings [14, 18, 31] .
Genetic characteristics for carbon fixation and crop duration accredits the differences in photosynthetic efficiency among the varieties [40] . In the present study variation in flag leaf photosynthesis were observed among the varieties, the highest being recorded in variety Lachit followed by Kolong. We could not find any significant correlation of CH 4 and N 2 O emission with photosynthetic rate of the varieties and the results are well corroborated with some recent findings [15, 18, 27, 31, 41] .
Yield potential of the varieties:
Carew et al., 2009 [42] reported that a complex interaction between agricultural practices, genotypes and environmental factors results into yield development of a crop. The development of grain yield in crop is crucial to its flag leaf gas exchange characteristics. In the present study, the varieties Jaya and Swabhagi recorded superior yield and yield attributing characteristics along with its relatively higher photosynthesis rate over other varieties. This may be due to effi--------------------------------------------------- 
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cient photosynthate allocation towards the developing grain, which may have led to better yield development [15] . Grain productivity of the rice varieties shows an inverse relationship with GHGI. The possible reason might be relatively higher translocation of photosynthate towards the developing grain rather than towards other vegetative parts leading to higher grain yield and lower GHG emission as observed in variety Lachit and Kolong. Similar relationship is reported by Das and Baruah 2008a , 2008b , 2008c . In low yielding variety like Kopilee and Disang less photosynthate allocation towards the grains and more towards the root indirectly enrich the carbon of the rhizosphere through root exudation resulting in higher GHG production and emission. These results are in concordance with the findings of Kuzyakov and Gavrichkova, 2010 [45] and Bharali et al., 2017a [10] .
CONCLUSION
Observations from the present investigation helps us to draw a conclusion that variation in genetical characteristics among the varieties can result in variation in their ability to contribute towards greenhouse gas emission and global warming. We quantified the relationship of CH 4 and N 2 O emissions with GWP, GHGI, CEE and different plant factors. We conclude that GWP of a variety is strongly affected by its rate of transpiration. Among the rice varieties Abhishek and Lachit, with lower GWP, GHGI and CEE accompanied by better grain productivity can be considered as relatively suitable rice variety over others. These two varieties emit less quantity of both CH 4 and N 2 O, two important anthropogenic GHG which are produced in two contrasting soil environment (CH 4 in anaerobic and N 2 O in aerobic soil environment). Cultivation of these varieties can be a suitable biological mitigation option for reduction of greenhouse gas emission and thus global warming. Differences in emission efficiency and grain productivity and their relationship with plant factors among the rice cultivars suggest that agricultural productivity and GHG mitigation can be simultaneously achieved by proper selection of rice varieties. Varieties Abhishek and Lachit can be recommended to the farmers for cultivation and policy makers to formulate the practice for adopting and popularizing these two varieties. Identification of suitable rice varieties which are equally efficient in reducing the emission of both CH 4 as well as N 2 O bears significance for future climate change situation.
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